Shoulder arthroplasty failure is often associated with cultures of deep specimens, harvested at the time of revision surgery, that are positive for common commensal skin organisms such as Propionibacterium and coagulase-negative Staphylococcus^[@R1]-[@R3]^. While we are aware that the term *Cutibacterium* has recently been introduced to refer to these bacteria^[@R4]^, we retain the term *Propionibacterium* because of its familiarity to orthopaedic surgeons. These bacteria inhabit the dermal sebaceous glands under the skin surface, particularly in males^[@R5]-[@R7]^. Standard means of prophylaxis, including skin-surface preparation and systemic antibiotics, are unable to eliminate Propionibacterium from these dermal organs^[@R8]-[@R11]^. As a result, the surgical incision for shoulder arthroplasty is likely to transect these bacteria-containing structures, inoculating the wound with Propionibacterium. Once in the wound, Propionibacterium species have the potential to form a biofilm on the surface of the arthroplasty implants that may contribute to failure of the arthroplasty months or years after the joint replacement^[@R12]^.

Up to the present time, there has been no means to predict the risk of wound inoculation with Propionibacterium. If such a means were available, it could be useful for determining which patients merit extra efforts toward perioperative prophylaxis and longitudinal surveillance for the delayed presentation of Propionibacterium-related arthroplasty failure.

The purpose of the present study was to determine whether the results of preoperative cultures of specimens obtained from the unprepared skin at the site of the planned incision are predictive of the results of intraoperative cultures of freshly incised dermal wound-edge specimens obtained at the time of primary shoulder arthroplasty.

Materials and Methods {#s1}
=====================

This study was approved by the University's institutional review board (\#50408). Between October 2016 and March 2017, 68 patients between the ages of 18 and 90 years undergoing primary shoulder arthroplasty without a history of shoulder surgery and without antibiotic use within the prior 3 weeks were approached for participation in this study. Two patients were excluded because they had received antibiotics within 3 weeks of the procedure. The remaining 66 consenting patients included 48 men (73%) and 18 women (27%) with an average age (and standard deviation) of 66.1 ± 9.4 years (range, 37 to 82 years).

On the day of surgery, a standardized swab specimen (Eswab \#480C; Copan Diagnostics) was obtained from the unprepared skin at the site of the planned incision. Four passes were taken over a 2-cm area, with the swab being rotated 90° for each pass. After the administration of intravenous antibiotic prophylaxis (2 g of ceftriaxone and 1 g of vancomycin) and standard skin preparation with use of a 70% alcoholic chlorhexidine solution, an incision was made over the deltopectoral interval. Immediately after the incision, 2 culture swabs were opened. A control swab was held open to the air by a surgical assistant for the same length of time that the surgeon passed the other swab along the freshly exposed edge of the dermal incision. To reduce cost, control swabs were obtained only for the first 50 patients. The 2 swabs were capped simultaneously and were sent to the microbiology laboratory. All 3 specimens were processed by the laboratory in a Class-2 laminar flow biological safety cabinet within 1 hour after surgery. Specimens were inoculated onto the following microbiological media: blood agar (trypticase soy agar with 5% sheep blood), chocolate agar, Brucella agar (with blood, hemin, and vitamin K), and brain-heart infusion broth. All media except for the Brucella agar were incubated at 37°C with 5% CO~2~ for 21 days. The Brucella agar plates were incubated anaerobically at 37°C for 21 days. Plates were sealed in a manner that allowed sterile aeration without desiccation. Media were visually examined daily for growth but were only opened if growth was noted. Rather than categorizing the results as "positive" or "negative," culture results were recorded in a semiquantitative manner and were categorized in terms of the 21-day specimen Propionibacterium value (SpPV), with 0 representing no growth; 0.1 representing 1 colony; 0.2 representing growth in broth only; and 1, 2, 3, and 4 representing 1+, 2+, 3+, and 4+ growth, respectively, as described previously^[@R6],[@R13]^. Representative culture result reports are shown for the skin surface (Fig. [1](#F1){ref-type="fig"}-A), dermal (Fig. [1](#F1){ref-type="fig"}-B), and control samples (Fig. [1](#F1){ref-type="fig"}-C). The culture results for coagulase-negative Staphylococcus were also recorded in terms of specimen coagulase-negative Staphylococcus values (SpCV).

###### 

**Figs. 1-A, 1-B, and 1-C** Results of the 21-day cultures of specimens from a 42-year-old man who presented for a shoulder arthroplasty.

![Results of the culture of a specimen from the unprepared skin surface. Combining the culture positivity for the 2 different species of Propionibacterium yielded an SpPV of 2. The SpCV value is 1. The Corynebacterium result was not considered in our analysis. Note that, despite the presence of these bacteria, the Gram smear was negative. C and S w/Gram, Ortho = culture and sensitivity with Gram stain as per orthopaedic protocol.](jbjsoa-3-e0052-g001){#F1a}

![Results of the culture of a specimen from the freshly incised dermis. The SpPV was 3, and the SpCV was 0.](jbjsoa-3-e0052-g002){#F1b}

![Results of the culture of the control swab. The SpPV was 0, and the SpCV was 0.](jbjsoa-3-e0052-g003){#F1c}

Descriptive statistics for the female and male patients were documented and were compared with use of the 2-sample t test, Wilcoxon rank-sum test, or Fisher exact test, as appropriate. Sensitivity, specificity, positive predictive value, and negative predictive value were calculated to determine the extent to which a dermal wound SpPV of ≥1 was predicted by an unprepared skin surface SpPV of ≥1. A receiver operating characteristic (ROC) curve was determined to illustrate the extent to which a freshly incised dermal wound SpPV of ≥1 was predicted by the skin-surface SpPV. Multivariate logistic regression fitted with use of the Firth penalized likelihood method^[@R14]^ assessed the collective effects of age, sex, and skin-surface culture on the likelihood of a dermal wound SpPV of ≥1. Statistical analysis was performed with R (version 3.4.0; R Foundation for Statistical Computing).

Results {#s2}
=======

Propionibacteria were often recovered from cultures of specimens from the unprepared skin surface and the fresh dermal wound (Table I). The culture results for women were significantly different from those for men. The skin surface SpPV was ≥1 in 3 (17%) of the 18 female patients, compared with 34 (71%) of the 48 male patients (p \< 0.001). The dermal SpPV was ≥1 in 0 (0%) of the 18 female patients, compared with 19 (40%) of the 48 male patients (p \< 0.001). While 2 of the control samples had SpPVs of \>0, none of the control samples had an SpPV of ≥1. The predictive characteristics of a skin surface SpPV of ≥1 for a dermal SpPV of ≥1 were as follows: sensitivity, 1.00 (95% confidence interval \[CI\], 0.82 to 1.00); specificity, 0.62 (95% CI, 0.46 to 0.75); positive predictive value, 0.51 (95% CI, 0.34 to 0.68); and negative predictive value, 1.00 (95% CI, 0.88 to 1.00). An ROC curve showed good discriminative statistics for both an SpPV of ≥1 and an SpPV of ≥2 (Fig. [2](#F2){ref-type="fig"}). After controlling for the result of the skin surface culture SpPV, a multivariate model using logistic regression with use of the Firth penalized likelihood method^[@R14]^ showed that younger patients and male patients tended to have a greater risk of a dermal culture SpPV of ≥1, although this trend was not significant.

###### 

Characteristics of Patients Undergoing Primary Shoulder Arthroplasty

                                                 Female (N = 18)   Male (N = 48)   P Value[†](#tblfn2){ref-type="table-fn"}
  ---------------------------------------------- ----------------- --------------- ------------------------------------------
  Age[\*](#tblfn1){ref-type="table-fn"} *(yr)*   67.8 ± 9.3        65.5 ± 9.5      0.384
  Unprepared skin surface                                                          
   SpPV[\*](#tblfn1){ref-type="table-fn"}        0.19 ± 0.39       1.38 ± 1.22     \<0.001
    SpPV \>0 *(no. of patients)*                 7 (39%)           36 (75%)        0.009
    SpPV ≥1 *(no. of patients)*                  3 (17%)           34 (71%)        \<0.001
   SpCV[\*](#tblfn1){ref-type="table-fn"}        0.23 ± 0.50       0.57 ± 0.92     0.309
    SpCV \>0 *(no. of patients)*                 12 (67%)          31 (65%)        \>0.99
    SpCV ≥1 *(no. of patients)*                  2 (11%)           14 (29%)        0.198
  Freshly incised dermis                                                           
   SpPV[\*](#tblfn1){ref-type="table-fn"}        0.00 ± 0.00       0.78 ± 1.15     \<0.001
    SpPV \>0 *(no. of patients)*                 0 (0%)            22 (46%)        \<0.001
    SpPV ≥1 *(no. of patients)*                  0 (0%)            19 (40%)        \<0.001
   SpCV[\*](#tblfn1){ref-type="table-fn"}        0.00 ± 0.00       0.06 ± 0.32     0.290
    SpCV \>0 *(no. of patients)*                 0 (0%)            3 (6%)          0.556
    SpCV ≥1 *(no. of patients)*                  0 (0%)            2 (4%)          \>0.99

The values are given as the mean and the standard deviation.

2-sample t test for age, Wilcoxon rank-sum test for ordinal culture variables, and Fisher exact test for percentages.

![ROC curve for predicting a fresh dermal-wound SpPV of ≥1 from the result of the culture of a specimen from the unprepared skin surface. An ROC curve is a graphical plot that illustrates the performance of a binary classifier system (in this case, whether the dermal wound SpPV is ≥1) as the discrimination threshold (in this case, the skin-surface SpPV) is varied. In this plot, the values next to each dot are the skin-surface SpPV, with the specificity and sensitivity shown in parentheses. Thus, for a threshold of skin-surface SpPV of 4, the specificity for a dermal wound SpPV of ≥1 is 1 and the sensitivity is 0.21. The area under the curve (0.93) is high (a perfect predictor would have an area under the curve of 1).](jbjsoa-3-e0052-g004){#F2}

The culture results for coagulase-negative Staphylococcus were distinct from those for Propionibacterium. While preoperative cultures of specimens from the unprepared skin surface for coagulase-negative Staphylococcus often had a positive SpCV, cultures of specimens from the freshly incised dermal wound edge usually did not (Table I). For cultures of the unprepared skin surface, the percentage with positive SpCVs were similar in male (65%) and female (67%) patients. With the small number of cultures of specimens from the freshly incised dermal wound edge that had positive SpCVs, the differences between male and female patients were inconclusive.

Discussion {#s3}
==========

We investigated the relationship between preoperative cultures of specimens from the unprepared skin surface and intraoperative cultures of specimens from the freshly incised dermis in patients undergoing primary shoulder arthroplasty. In this series of patients, a preoperative SpPV of ≥1 for the unprepared skin had fair positive predictive values and excellent negative predictive values for an SpPV of ≥1 for the freshly incised dermal wound. Surgeons may wish to use the results of preoperative cultures of specimens from the unprepared skin surface when considering additional forms of prophylaxis against Propionibacterium, such as preoperative topical benzoyl peroxide and clindamycin^[@R15]^, in-wound topical antibiotics, and prolonged postoperative antibiotics. These culture results also may suggest the need for special longitudinal clinical observation of patients identified as being at a higher risk for wound inoculation.

Both Propionibacterium and coagulase-negative Staphylococcus are common commensals on the skin surface, but Propionibacterium---by virtue of its anaerobic nature and its ability to live on fatty acids in the sebum secreted by sebaceous glands---is better able to live in the dermis below the skin surface. As a result, solutions for surgical skin preparation can reduce the presence of both Propionibacterium and coagulase-negative Staphylococcus on the skin surface but are less effective against Propionibacterium in the dermis^[@R8],[@R10],[@R16]^.

There is concern for specimen contamination when cultures for Propionibacterium are held for extended periods. Mook et al.^[@R17]^ reported a 13.0% culture-positive rate when using a sterile sponge as a control, whereas Sabetta et al.^[@R18]^ reported a 4% culture-positive rate when using a cotton swab exposed to air as a control. Horneff et al.^[@R19]^ reported a 3.2% positive-culture rate for tissue samples from the sites of primary shoulder arthroscopies. Each of those studies categorized the culture result as "positive" or "negative." Our study suggests that the application of the threshold SpPV may help to interpret the clinical importance of the control-culture result. We found that the control swabs exposed to the air while the dermal cultures were obtained were positive for a threshold SpPV of ≥1 at a rate of 0%.

Our results need to be considered in light of certain limitations. First, the culturing and reporting protocols of our microbiology laboratory may be different from those of other medical centers; such differences potentially could limit the generalizability of our approach, which involves a 21-day observation of specimens cultured on 3 media, with the results reported as the SpPV. Second, it is possible that preoperative showers taken by the patients with use of antibacterial soaps may have lowered the rate of positive preoperative cultures of specimens from the unprepared skin surface. Third, it is possible that the pre-incision administration of prophylactic intravenous antibiotics may have reduced the rate of positivity of the dermal wound cultures. Fourth, while positive cultures from control specimens (2 of 50 with an SpPV of \>0) potentially may confound the interpretation of culture results, none of the 50 control samples had an SpPV of ≥1; this outcome gives us greater confidence in the importance of skin-surface or dermal cultures when using this SpPV threshold. Fifth, the relationship between skin-surface and dermal cultures for coagulase-negative Staphylococcus and the relationship between cultures positive for Propionibacterium and for coagulase-negative Staphylococcus remain unclear and deserve further study. Sixth, the clinical utility of the present study lies in the opportunity to obtain predictive cultures of specimens from the unprepared skin surface in the surgeon's office 3 weeks prior to surgery, with ample time for the culture results to be finalized for Propionibacterium. While one might assume that the results of cultures of specimens from the unprepared skin surface obtained 3 weeks prior to surgery would be the same as the results of similar cultures of specimens obtained immediately before surgery, we did not test this assumption in our study.

The present study needs to be put in the perspective of the rapidly rising number of shoulder arthroplasties being performed each year^[@R20]^ and the high percentage of surgical revisions for failed arthroplasties that have positive deep cultures^[@R1]^. The risk of positive wound cultures is reported to be increased for male patients, younger patients, and those who have had prior surgery^[@R17]^. Our findings suggest that additional information on the risk of wound inoculation can be obtained by culturing the unprepared skin surface prior to surgery. This information could assist the surgeon when discussing surgical risks with the patient and when considering the extent of anti-Propionibacterium prophylaxis.

In conclusion, the present study showed that the results of preoperative cultures of specimens from the unprepared skin surface may be helpful for anticipating the risk of positive intraoperative dermal wound-edge cultures that may, in turn, have a bearing on the risk of prosthetic bacterial colonization. This test may help to identify patients who may or may not merit more aggressive topical and systemic antibiotic prophylaxis.
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